Abstract-A hybrid method of boundary element method (BEM) combined with conformal transformation (CT) is presented to calculate the capacitance of the unscreened slab lines. Conformal transformation transforms the infinite boundary boundary-value problem with the unscreened slab line into a finite boundary one that can be solved by the BEM, then the capacitance of the unscreened slab line is obtained by the BEM. Three representative computational examples, unscreened cylindrical single-bar slab line, unscreened rectangular single-bar slab line and unscreened cylindrical-bar coupled slab line, are given to validate the accuracy and efficiency of the CT-BEM hybrid method.
INTRODUCTION
Unscreened slab lines consisting of conductor bars and parallel conductor plates are widely used as microwave components (filters and couplers) and as connecters of a variety of electrical equipment. Under a quasi-TEM approximation, the field of the transverse crosssection of unscreened slab line is governed by two-dimensional static field equation. The accurate determination of the per-unit-length capacitance of unscreened slab line presents a great practical interest in several respects, the computation of the capacitance of unscreened slab line has been the focus of much research, and various numerical methods have been presented to calculate the capacitance of the unscreened slab lines in the past decades .
The boundary element method (BEM) is very popular for the electrostatic problems with linear and homogeneous media, and has been widely used to calculating various electrostatic field boundaryvalue problems. Because in BEM the boundary of the considered field domain is discretized with finite elements, therefore, only finite boundary problem can be handled directly. In order to calculate the capacitance of unscreened slab line by the BEM, the infinite boundary of the unscreened slab line must be truncated [3] . To overcome this problem, in this paper, a hybrid method of BEM combined with conformal transformation (CT) is presented to calculate the capacitance of the unscreened slab lines. Conformal transformation transforms the infinite boundary boundary-value problem with the unscreened slab line into a finite boundary one that can be handled directly by the BEM. Comparisons between the results obtained by the hybrid method and the available numerical published data fully validate the accuracy and efficiency of the CT-BEM hybrid method.
CALCULATION PROCEDURE AND RESULTS

Unscreened Cylindrical Single-bar Slab Line
The technique is best illustrated by means of an example, and one chosen here is an unscreened slab line shown in Figure 1 (a) [4, 6, 8, 11, 12] , which is composed of a cylindrical metallic bar of diameter D placed between two parallel grounded metallic planes with separation distance a. For calculating the capacitance of unscreened cylindrical single-bar slab line, Stracca et al. [4] used the moment method (MM) with a point-matching technique, Pan [6] presented the equivalent eccentric coaxial line technique, Costamagna and Fanni [8] used the conformal mapping, and Zheng et al. [11, 12] presented the multipole theory (MT) method. No exact conformal transformation is known for the cylindrical single-bar configuration shown in Figure 1 (a), but two parallel grounded planes may be transformed into two circular boundaries, and the circular bar boundary may be transformed into a hollow circular boundary of radius R 0 by means of the following transformation.
Figure 1(b) is the structure obtained by the transformation of Eq. (1), where Figure 1(b) is a boundary-value problem easily calculated by the BEM. The numerical results are given in Table 1 . It can be seen from Table 1 that the results obtained by the CT-BEM hybrid method agree well with the accurate data reported in the literature. 
Unscreened Rectangular Single-bar Slab Line
Figure 2(a) shows an unscreened slab line [1, 13] , which is composed of a rectangular metallic bar symmetrically placed between two parallel grounded metallic planes with separation distance a. For calculating the capacitance of unscreened rectangular single-bar slab line, Riblet [1] presented a series expansion method based on the conformal mapping, and Lucido et al. [13] presented the Neumann series solution based on the image theory. By the following conformal transformation
The infinite boundary boundary-value problem is transformed into a finite one that can be handled directly by the BEM. Figure 2(b) is the structure obtained by the transformation of Eq. (2), where Figure 2(b) is a boundary-value problem easily calculated by the BEM. The numerical results are given in Table 2 . It can be seen from Table 2 that the characteristic impedance obtained by the CT-BEM hybrid method agree well with the accurate data reported in the literature. 
Unscreened Cylindrical-bar Coupled Slab Line
Unscreened cylindrical-bar coupled slab line which is shown in Figure 3 has been described and studied by many authors [2, 5, 7, [9] [10] [11] [12] . This coupled line can be excited in the two ways: "even mode" excitation or "odd mode" excitation, i.e., in-phase or oppositephase, equal-amplitude excitations. For calculation of the capacitance of unscreened cylindrical-bar coupled slab line, Levy [2] used the approximate solution based on the conformal transformation, Fikioris and Tsalamengas [5] used the Carleman-Vekua method, Tailu and Olesen [7] presented the hybrid image-mode-moment method, Costamagna and Fanni [9] presented the Schwarz-Christffel conformal transformation, Abramowicz [10] presented an improved coupling coefficient method, and Zheng et al. [11, 12] presented the multipole theory method. Table 3 and Table 4 give the results obtained by the CT-BEM hybrid method. It can be seen from Table 3 and Table 4 that the numerical values obtained by the CT-BEM hybrid method agree well with the accurate data reported in the literature. 
